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Simultaneous Nitrogen and Phosphorus Removal by Modified Aerobic-Anaerobic
Activated Sludge Process

Susumu HASHIMOTO*, Kenji FURUKAWA* and Masahiko SHIOYAMA*

* Department of Environmental Engineering, Faculty of Engineering, Osaka University, 2-1, Yamada-Oka,
Suita-shi, Osaka 565 Japan

Abstract

By elevating the denitrification capability of activated sludge through the addition of elemen-
tal sulfur to the anaerobic denitrification tank of modified aerobic-anaerobic activated sludge
process with supplement dephosphothickener, the possibility of simultaneous nitrogen and
phosphorus removal without massive internal sludge recycle was investigated using bench scale
experimental equipment. Granular elemental sulfur was found to be the best substance as the
supplement reduced sulfur source in the anaerobic denitrification tank of modified aerobic-
anaerobic activated sludge process. 96.6% of influent TOC, 80% of influent T-N and 70% of
influent T-P were successfully removed under 20 hours of operational retention time by this
treatment method.

Important operational parameters of this simultaneous nitrogen and phosphorus removal
process were revealed to be the nitrate loading rate and ORP for the anaerobic denitrification
tank. The best treatment result was obtained under the operational condition of 0.028 g NO,-N
g~ ! MLSS-d~! and (E,), =200mV for the anaerobic denitrification tank.

Key words: simultaneous nitrogen and phosphorus removal, modified aerobic-anaerobic
activated sludge process, granular elemental sulfur, dephosphothickener
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Fig. 1 Typical biological nitrogen removal process.
Inf: influent, Eff : effluent,
Qs : influent flow rate,
N : nitrification tank,
DN: denitrification tank,
ST: settling tank, MeOH : methanol
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Fig.2  Flowchart of modified aerobic-anaerobic
activated sludge process with supplement de-
phosphothickener.

Table 1 Composition of synthetic wastewater.

Peptone 0.3 g/
Meat extract 0.2 gel?
NaCl 0.015~0.03 g/
KCl1 0.007~0.014 g/
CaCl, 0.007~0.014 g/
MgSO, 0.005~0.014 g/
NaHCO, 0.105~0.420 g/
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Table 2 Reactor volume and the operational conditions.

: Reactor volume(/) Form of sulfer|Addition of Influent
Efgilz:nental Q@ Qn Qn added inorganic carbon|NaHCO; conc.
N DN DP |({-d"Y) ({-d7Y) (l-d") (g) (g1
I 4 5 2 16 4.8 2.4 — — 0.105
1 4 5 2 16 4.8 2.4 powder (CaCOs) 5 0.105
I 2 4 5 2 16 4.8 2.4 powder (CaCoOs,) 15 0.105
3 4 5 2 16 4.8 2.4 powder 0.21
1 3 5 2 16 4.8 2.4 granular 0.21
2 4 10 3.8 16 4.8 2.4 granular 0.42
I 3 3 10 3.8 16 4.8 2.4 granular 0.42
4 4 10 3.8 16 4.8 2.4 granular 0.21
5 4 6 3.8 12 4.8 2.4 granular 0.21

N : nitrification tank,
DP : dephosphothickener,
Qn:
Qr:

: influent flow rate,

Vol.12 No.7(1989)

DN : denitrification tank,

flow rate from settling tank to dephosphotickener,
recycle flow rate from dephosphotickener to nitrification tank.
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Table 3 Treatment results.

_ - Dephosphothickener N Alkalinity** . MLSS
Experimental |days of | Influent (mg+ ) Effluent (mg « I™) P (n?g e, pH (mg + l‘}i) ORP*** (mV) (mg + I}
number operation
TOC T-N T-PO,|TOC T-N NO,-N T-PO,| T-PO, NO,-N | N DN DP| N DN DP|N DN DP|N DN
I 8 177 719 18.2 |9.31 38.0 27.6 14.2 20.2 6.15 [6.056.85 — | — — — [170 110 — [4066 3564
1 7 177 719 18.2 |7.04 30.9 14.1 14.1 21.9 3.69 [6.556.90 7.95| 14.5 43.4 139.9/100 80  90|4582 3692
I 2 37 177 64.2 165.7 |5.23 18.0 12.6 9.44 | 16.2 1.42 |[5.70 6.90 7.65| 49.1 44.3 78.9(190 80 —130| — —
3 6 180 60.0 16.0 [6.0 21.2 17.0  10.7 16.7 0.24 {7.20 7.30 7.70| 29.4 76.0 96.8/140 80 —250| — —
1 16 180 60.3 16.0 |5.9 20.5 16.3 10.7 18.0 1.40 |7.20 7.25 7.65| 24.5 78.4 100.4{120 75 — | — —
2 9 183 58.0 16.0 [5.7 17.4 12.5 12.6 16.1 1.91 |7.90 7.50 7.95| — — — [135 125  60|2360 2084
il 3 38 183 62.0 16.0 [5.69 12.4 6.11 10.1 15.6 2.23 |7.80 7.60 7.60(191 253 233 | 55 5 30(2138 1700
4 5 177 54.7 16.7 [5.90 15.5 4.96 8.35 - 0.53 |7.157.85 7.20{108 156 117 | 90 —110 —190|1792 1624
5 27 177 56.4 16.0 [6.0 11.0 4.0 4.8 25.0 0.50 [7.10 7.05 6.95| 44.7 68.0 80.9| 20 —40 —230|1862 1531
* Figures indicate the pH value of the reactor.
+ » Figures indicate the alkalinity of the reactor.
* + » Figures indicate the ORP of the reactor.
N: nitrification tank, DN : denitrification tank, DP : dephosphothickener.
50— IKE 5T 7S
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Table 4 Comparison of denitrification capability
of Wuhrmann process with that of
modified Wuhrmann process.

Qs vy sy 195792 oy Son . Qs*Qrz-Qry
N P Ne =Npn)
N PN Npn  Pon (Pe =PpN)
Settling tank
Aerobic (nitrifi- Anaerobic(denitri- Qry
a cation) tank fication) tank
r Qri-Qr2

Dephospho-
thickener

Fig. 3 Flow diagram of modified aerobic-anaerobic
activated sludge process with supplement
dephosphothickener.

Qs

. influent flow rate (/-d~?)

Qn : sludge wasting rate (/ - d?)

Qr : sludge recycle rate from dephosphoth-
ickener (/ - d7?)

Vn : aerobic tank volume (/)

Vow : anaerobic tank volume (/)

Ny : NO;-N conc. in aerobic tank (mg ¢ [7%)

Non : NO;s-N conc. in anaerobic tank (mg °
/)|

N. : effluent NO3;-N conc. (mg * [7Y)

Sv : MLSS conc. in aerobic tank (mg  [7!)

Sov : MLSS conc. in anaerobic tank (mg °
=1

Py : PO,*" conc. in aerobic tank (mg « [7')

Poy : PO, conc. in anaerobic tank (mg ° [7?)

P. : effluent PO,*" conc. (mg * [7})

Vol.12 No.7(1989)

Denitrification rate
Treatment method (g Nos-N » g-! MLSS - d-1)
Wuhrmann process
(Experiment 1) 0.0304
Modified Wuhrmann
process 0.0593
(Experiment III-5)
NO;-N H-donor

o limitation limitation

=]
(=]
©w
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[=3

N
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(=]
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=
I

Specific denitrification rate (mgN/gSS-d)

L L 1 J
0 001 002 003 004 005
NO;-N-SS loading rate (9N/gSS-d)

Fig. 4 Relationship between NO;-N loading rate and

specific denitrification rate for the anaerobic
denitrification tank.
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Fig. 5 Relationship between NO;-N loading rate and

phosphorus release rate for the anaerobic °
denitrification tank.
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Fig. 6 Relationship between effluent NO;-N concen-
tration and phosphorus release rate.
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P release rate (mgPO,/dSS-d)
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Fig. 7 Relationship between (Ex); and phosphorus
release rate.
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Fig. 8 Relationship between (£x); and the amount of
phosphorus release.
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